A new discovery suggests that converting the brain's own natural activity into electrical stimuli that are delivered back into another brain region can induce long-term plastic change. This discovery could provide a powerful and useful addition to therapeutic uses of brain-machine interfaces.
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In a recent paper, Jackson et al. [1] report some fascinating new experiments using a novel device called a 'Neurochip'. This device allows recordings of action potentials from a single cortical neuron to be made through an implanted microwire electrode, the conversion of these spikes into tiny electrical stimuli, and then the delivery of these stimuli to the brain through another intracortical electrode. The Neurochip thus provides an artificial bridge between two separate parts of the brain. Because the Neurochip imposes a causal relationship between the activities at the connected sites, the authors speculate that long-term conditioning through this link might induce reorganization of motor output consistent with a Hebbian plasticity mechanism. Such reorganization has been repeatedly observed at the cellular level [2] : in this new work it is shown to function in the awake, behaving monkey [1] .
Jackson et al. [1] report that, as a result of the conditioning process (which was applied for 1-4 days), the motor effects evoked from the recording site shifted to resemble the output from the corresponding stimulation site, in a manner consistent with the potentiation of synaptic connections between the artificially synchronized populations of neurons. These changes in motor output were long-term: they persisted in some cases for more than one week, much longer than reported in many previous long-term potentiation studies. The output from sites not incorporated in the new connection remained unaffected.
All the circuitry in the Neurochip, including its power supply, is contained within a compact headmounted device [3] that the monkey can carry around in its home cage environment. What is exciting about this report [1] is that the activity generated at the recording electrode was entirely associated with the monkey's natural daily wake-sleep cycle of movements: the patterns of neuronal activity that were used to drive the conditioning stimuli were related to the monkey's normal motor behaviour.
To be sure that this conditioning induced plasticity, the preconditioning and post-conditioning tests were compared. These tests were carried out under carefully controlled conditions, with the monkey seated in a standard primate chair, and grasping a handle which was instrumented to capture the directional forces exerted at the wrist by the monkey. Prior to the conditioning experiment, Jackson et al. [1] carefully assessed the motor effects evoked by a short train of electrical pulses delivered at up to three different sites ( Figure 1 ). The motor effects were documented both in terms of the muscle (EMG) activity and the wrist torques evoked by the stimulation.
One of the electrodes (Nrec) was then selected as the recording site, and spikes from a single neuron at that site were recorded; the spike activity could be stored in the device and subsequently downloaded via a remote infrared link. The Neurochip device was programmed to deliver a single stimulus pulse to a second site (Nstim) 5 In the pre-conditioning period, three different electrode sites (Nrec; Nstim; Ctrl) were tested with intracortical stimulation which had output effects on different muscles (FCR, ECR, FCU). Subsequently, activity recorded from a a single neuron at the Nrec site was used to trigger single intracortical stimuli which were delivered via the Neurochip link to the Nstim site. Conditioning was carried out for 1-4 days, after which post-conditioning tests revealed changes in the output effects from Nrec, which changed to resemble those from the Nstim site. No changes were observed at the control (Ctrl) site. disrupt either the monkey's performance on the trained task or its normal behaviour in the home cage. Over several days of conditioning, the torque direction of recording site effects shifted towards the direction of stimulation site effects. The effects from a third, control (Ctrl) electrode did not change. Recording of muscle EMG confirmed that, after conditioning with the artificial connection, new muscles were activated by intracortical microstimulation at the recording site, which had previously only been activated from the stimulation site. In some cases, changes were stable for up to a week after the end of conditioning. The basic result was confirmed in 13 out of 17 tests carried out in two monkeys.
In a further sequence of experiments, Jackson et al. [1] established that these changes occurred only when stimulation followed spike activity by up to 50 milliseconds: longer delays or fixed frequency stimulation did not produce the same conditioned changes. The authors interpret these changes as arising from the coincidence of stimulus-evoked activity (at the stimulation site) with synchronous firing of neurons (at the recording site) inducing plasticity in horizontal or descending motor pathways. Neurons that are synchronized at the cortical level are known to share common outputs [4] , and the conditioning stimuli may have increased such synchrony.
The fact that conditioning was absent unless stimuli were closely time-locked to spike events suggests that the underlying mechanism may be related to spiketiming dependent plasticity, which has previously been described at the cellular level [5] . The experiments demonstrate that natural patterns of cortical spiking in vivo during normal behaviour can lead to input-specific Hebbian plasticity when paired with stimulation at a second site. These plastic changes probably occur at multiple levels, involving not only short and long-distance connections within the cortex [6] but also at subcortical sites and in pathways descending to the spinal cord.
The potential for plastic change within the motor cortex was first recognized nearly a century ago by Sherrington and Brown [7] . The plasticity of the primary motor cortex (M1) output is undoubtedly of great importance for adaptive motor learning in primates, and particularly humans, a capacity that is essential for sophisticated behaviors as diverse as the manufacture and use of tools, sport and music making. This plasticity has been shown to be strongly influenced by motor learning, use-dependence and sensory stimulation [8] . It is also fundamental to modern ideas of neurorehabilitation and the compensatory changes that occur in the injured nervous system [9, 10] .
As evidenced by the recent Society for Neuroscience meeting in Atlanta, the brain-machine interface field is now a massive multimillion dollar enterprise. Many labs are working on artificial connections that could form the basis of a neural prosthesis to replace neural pathways lost through injury or disease, such as after spinal cord injury or stroke. The Neurochip used by Jackson et al. [1] 
